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In the forest area of Tlemcen, green oak on its large expanse is abundantly represented in 
two forms: simple coppice and trees on stump. This study, try to verify the effect of the 
silvicultural treatments and exposure on leaf morphology. To this end, we tested this 
hypothesis on 240 mature leaves of these two populations collected from the four cardinal 
directions.  
The results show that the length of midrib is 4.85 cm in the case of high trees, 4.80 cm in 
the coppices. The surface of leaf-blade is 8.87 cm2 in the high trees and 8.35 cm2 in 
coppices. Angle of insertion of the secondary rib with the main rib is 122.86° in the case of 
high trees, 121.22° in the coppices. Variance analysis indicates that there is no effect of the 
silvicultural treatments and exposure on leaves morphological parameters.  
 
 
R E S U M E   
 
Etude de l'effet du traitement sylvicole et de l’exposition sur la morphologie de la feuille : cas du chêne vert de la région de Tlemcen 
(Nord-ouest d’Algérie). Dans les forêts de Tlemcen, le chêne vert dans sa large étendue est abondamment représenté sous deux formes : 
taillis simple et futaie sur souche. Cette étude tente de vérifier l’effet du traitement sylvicole et l’exposition sur la morphologie de la 
feuille. A cet effet, nous avons testé cette hypothèse sur 240 feuilles matures de ces deux types de populations récoltées à partir des quatre 
expositions.  
Les résultats montrent que la longueur de la nervure principale est de 4.85 cm dans le cas de la futaie sur souche et 4.80 cm dans le cas du 
taillis. La surface du limbe est 8.87 cm2    dans le cas de la futaie et 8.35 cm2   dans le cas du taillis. L’Angle d’insertion de la nervure 
secondaire avec la nervure principale est 122.86° dans le cas de la futaie et 121.22°.dans le cas du taillis. 
L’analyse de la variance indique l’absence de l’effet du traitement sylvicole et de l’exposition sur les paramètres étudiés de la 
morphologie de la feuille. 
Mots-clés : forêts de Tlemcen, Quercus ilex L., la morphologie de la feuille, traitement sylvicole, exposition. 
 
 
1. Introduction 
 
    Green oak or holm oak - Quercus ilex L. - in the Mediterranean environment is one of the most dominant 
species in forest, which covers more than 7.5 million hectares (Barbero et al., 1992;   Dahmani, 1997; Letreuch 
et al., 2009; Berrichi et al., 2010; Richard et al., 2011). In Algeria, green oak occupies 354.000 hectares from the 
coastline to the Saharan Atlas and from the Moroccan borders to the Tunisian borders (Louni, 1994). 
 
    In Tlemcen mountains, its area is 82 000 ha, which represent 41.1% of the total forest area. The green oak is 
made up of various forms: the simple and the closed coppices, being most common in the forests of Beni 
Boussaid and Khemis of Tlemcen-North Mountains and in the forests of the Azails located in Tlemcen-South 
Mountains. In the richest stations of Beni Boussaid and El Khemis (Tlemcen-North Mountains), green oak has a 
forest appearance formed by high trees on stump. The degraded forms are numerous and constitute on calcareous 
substrate and the different aspects of the garrigue. (Dahmani, 1997; Letreuch et al., 2009; Berrichi, 2015).  
 
    The genus Quercus spp is an interesting subject for studies of leaf morphology because it is characterized by 
high levels of variability. In various oak species, differentiation in leaf characters occurs among populations, 
among trees within populations, and among branches within a tree (Ibarra-Manriquez and Oyama, 1992; 
Bruschi, 2003; Rodríguez et al., 2004 ). With the development of digital scanning technology, it becomes easier 
to identify some leaf morphological traits (Bylesjö et al.,  2008; Lexer et al.,  2009;    DaSilva et al., 2016). The 
morphology of the leaves is the first indicator of natural variations in plants (Sylvester,  2001; Kaplan, 2001; 
Poorter,  2012). Further, plant systematics, ecology, genetics, plant physiology and historical causes can strongly 
effect plant morphology (Perry, 1971; Kaplan, 2001; Rodríguez and Oyama, 2005; Linkosalo and Lechowicz, 
2006). 
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    The response of silvicultural treatments on forest biodiversity indicators like the leaves size is not well studied 
in the Mediterranean region. In the Catalan region of Spain, Torras and Saura  (2008) concluded that increasing 
the availability of light provided by silvicultural treatments favors species diversity and growth. The light affects 
many aspects of leaf morphology. McClendon and McMillen (1982) ; Gratani et al. (2006)  show that the leaves 
fully expanded to the sun had greater leaf area than shade leaves of adult Quercus ilex, Phillyrea latifolia and 
Pistacia lentiscus  in  Mediterranean area. For leaves in different canopy positions, leaves tends to increase leaf 
area in the shade in order to intercept more light (Bonan, 2002; Gratani, 2014). Elwes (2014) attribute the 
variation of the size and the form of Quercus coccifera L. leaves to the tree vigor. 
 
    In this study, we will characterize some green oak leaves morphology aspects with the two silvicultural 
treatment forms: simple coppice and high trees on stump, and different cardinal directions levels to the sun: 
North, South, Est, West. 
 
2. Material and methods 
 
2.1. The material 
 
    240 leaves used for this study come from Moutas green oak forest, located in Tlemcen Mountains state forest, 
located 30 km in the South-west of the chief town of Tlemcen. The first leaves group comes from 10 high trees 
on stump (ig.1a), the second comes from 10 clumps of simple coppice (fig. 1b). From each tree, 12 mature 
leaves were collected by random from the four cardinal directions. The last figure (fig.1c) illustrates that the 
weak and the clear coppice form is the most dominant in the region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1- Aspects of the green oak in the Mountains of Tlemcen 
a-Trees on stump; b- simple coppice; c- weak and clear coppice 
 
    The woody vegetation consists of Quercus ilex L., Arbutus unedo L.,  Juniperus oxycedrus L., Genista 
tricuspidata (Brott.), Amplodesma mauritanica (Pioret and schinz .), Calycotome spinosa  L.,  Asparagus  
acutifolius L.,  Vibrunum tinus L.,  Daphne gniduiim L. 
 
2.2. The techniques of the measurement  
 
    The morphological description is based also on the measurement of some quantitative aspects linked to the 
leaves on four cardinal directions. The technical equipment necessary for morphology leaves measurements 
contains mainly scanner «HP Photosmart Essential 3.5» and image processing software “image. J”. 
    For leaves morphology, ten trees have been randomly selected in the high tree silvicultural treatment and 
another ten clumps of green oak coppices. From each tree and from the four cardinal directions, two branches 
have been drawn. In the laboratory, firstly, the leaves were an object for the general description. Later, from the 
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two drawn branches; three mature leaves was an object of a quantitative analysis. At the end, for every 
silvicultural treatment, 120 leaves distributed on the four cardinal directions have been analyzed. 
    The Length of Midrib with Petiole (LMP), the Surface of Leaf-blade (SL) and the Angle of Insertion of the 
Secondary rib with the Main rib (AISM) are the principal morphological parameters measured of Q. ilex L. 
(fig.2).   Harvesting leaves was conducted during the month of November. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2- Localization of   morphological parameters 
 
    The measurements are realized on leaves called « characteristic » which are adult leaves where the causes of 
variation due to the growth and to polymorphism are eliminated (Berrichi and Bouazzaoui, 2015). We have 
purposely limited our study to the macroscopically characters excluding anatomical and microscopically leaves 
criteria of green oak leaf. 
    The collected leaves are putting in a plastic bag with a wet paper towel in the dark. This type of conservation 
keeps the initial shape of the leaves. In the laboratory, the leaves are individually scanned at a scale of “1/1”. 
Then, the obtained images are processed through a computer software reconfiguration the digital synthesis 
images. 
    Processing software and image analysis, allows computing the different leaves morphological parameters 
[http://imagej.net/] (fig.3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3- Measurement of quantitative traits by the software (ImageJ) 
    The statistical analysis was performed using the computing environment R (R Development Core Team, 
2005). In addition, the most the analysis of all the parameters is carried out using the “stats” packages. 
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3. Results and discussion 
    The leaves are evergreen, alternate, entire, thick and leathery, at the top of the branch are grouped in clusters. 
They are dark green and shiny above, whitish gray beneath. Variable form, usually with 6 to 10 pairs of lobes, 
sometimes-smooth edges, sometimes equipped with small teeth with short petioles. The side ribs are opposite to 
the base the leaf and alternate at the top. At the asymmetrical base, the leaves are rounded or atrial, at the top of 
the sheet are rounded or obtuse. 
    On the quantitative point of view, the obtained results have been the object of statistical analysis to seek the 
existing variability in a same parameter for a same aspect and between aspects (Table 1 and histogram in figure 
4). 
Table 1- Quantitative analysis of leaf parameters of Q. ilex 
 
NORTH SOUTH WEST EAST  
Measurement 
  
CV % 
  
CV % 
  
CV % 
  
CV % 
LMP High 
Copse 
5,10 
4.98 
0.68 
1.16 
13.3 
12.6 
4.54 
4.86 
0.88 
0.92 
18.8 
16.7 
4.87 
5.13 
1.13 
0.97 
19.1 
17.4 
4.88 
5.07 
0.91 
0.69 
14 
15.8 
SL High 
Copse 
9.01 
8.75 
3.07 
4.47 
34.1 
51.1 
8.15 
7.48 
3.08 
3.31 
37.7 
44 
9.27 
8.87 
4.06 
5.18 
44 
58.3 
9.02 
8.23 
3.22 
3.02 
36.0 
36.5 
AISM High 
Copse 
120.8 
121.2 
8.18 
7.92 
6.7 
6.5 
122.9 
122.4 
8.08 
8.02 
6.5 
6.7 
123.1 
120.8 
7.99 
7.75 
6.2 
6.4 
125.45 
119.67 
68.15 
7.93 
6.5 
6.6 
 
 
X: arithmetical mean ;σ : standard deviation; CV%: coefficient of variation. LMP: length of midrib with petiole (cm); SL: the surface of 
leaf-blade (cm2); AISM: angle of insertion of the secondary rib with the main rib (°). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4- Histograms parameters of green oak leaf 
 
a- Variation of length of midrib with petiole, b- Variation of the surface of leaf-blade, 
c- Variation of angle insertion of the secondary rib with the main rib. 
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    The morphology of mature leaves taken from 10 high trees and 10 coppices at the 4 cardinal directions shows 
(Table 1) that length of midrib with petiole (LMP) is 4.85 cm in the case of high trees and in 4.80 cm the 
coppices. The mean surface of leaf-blade is 8.87 cm2    in the high trees and 8.35 cm2   in coppices case. Angle of 
insertion of the secondary rib with the main rib (AISM °) is 122. 86° in the case of high trees and 121, 22° in the 
coppices. 
 
    The mean surface of leaf-blade present an important scattering around the mean (C.V > 30%). On the other 
case, Length of midrib with petiole «LMP» (C.V < 20%)   and especially Angle of insertion of the secondary rib 
with the main rib   are less heterogeneous with C.V < 10%. The leaves in the South exposure have the weakest 
vegetative values constituted with the smallest leaves. 
    The variance analysis results (ANOVA) of table 2, present very high P values  (P >0.05) for the length of 
midrib with petiole, the mean surface of leaf-blade and the angle of insertion of the secondary rib with the main 
rib. Hence, we can conclude that for our confidence interval we accept the hypothesis H0, that there is no 
significant difference between morphological parameters and exposure. To this effect, we can say that the green 
oak leaves have a certain morphological homogeneity. 
 
Table 2- Variance analysis 
 
Parameter F value P value P 
High 10.650 0.579 ‘ ’ 
Length of midrib with petiole (LMP) Copse 0.841 0.474 ‘ ’ 
High 0.659 0.579 ‘ ’ 
Surface of leaf blade (SL  ) Copse 0.721 0.541 ‘ ’ 
Angle of insertion of the secondary rib with the 
main rib (AISM) 
High 1.131 0.34 ‘ ’ 
 
                     Signif. codes: 0 ‘***’ 0.001  ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
    Figure 5 illustrate that the length of midrib with petiole is correlated to the surface of leaf-blade (for the high 
tree r = 0,66 & for the simple coppice r =  0.52). With low correlation coefficients, angle of insertion of the 
secondary rib with the main rib (AISM °) is not   dependent on the other measured morphological characters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5- Correlation between morphological parameters (a- high green oak, b- coppice green oak) 
 
    Comparison between high and coppice silvicultural systems, in two sample test “t-test” between high and 
coppice (Table 3), we obtained p-value greater than 0.05 in morphological parameter, and then we can conclude 
that the averages of two groups are significantly similar. 
 
Table 3- T-test between high and coppice green oak 
 
 
Parameter t-test P value P 
Length of midrib with petiole (LMP) 
Surface of leaf blade (SL  ) 
Angle of insertion of the secondary rib with the main rib (AISM) 
1.1598 
0.63789 
1.3629 
0.2509 
0.5261 
0.1782 
‘ ’ 
‘ ’ 
‘ ’ 
 
                                    Signif. codes: 0 ‘***’ 0.001  ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
a b
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4. Conclusion 
 
    In this work, some morphological parameters of the green oak leaf in the Algerian northwest region, such as 
the mean surface of leaf-blade, and the angle of insertion of the secondary rib with the hand rib were investigated 
by using the image processing software. This digital scanning technology has allowed us to characterize the 
green oak of this region in its two forms of silvicultural treatments (simple coppice and trees on stump). 
 
    The results obtained have not been able to establish a relation of the silvicultural treatments effect on the 
morphological parameters of green oak leaf. In addition, the exposure effect on morphological parameters was 
investigated by using the same method; the results demonstrated the lack of relationship between leaf 
morphology and exposure. 
 
    We hope that this study will be spread to the other leafy species of the tree stratum of the Algerian 
northwestern region, with a view to the establishment of a data bank on certain aspects of the vegetation. 
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